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Where n is the measure and Aije  is the principal Almansi finite strain components. This theory is applied to 
a large number of elastic-plastic and creep problems [5-6]. In this study, creep stresses for a rotating disk with 
exponentially variable thickness have been obtained using transition theory [5-6]. Results obtained have been 
discussed numerically and depicted graphically. 
2. Governing equations   
We consider a thin disc of constant density with central bore of radius a and external radius b rotating with 
angular speed ω about an axis perpendicular to its plane and passed through the center of the disc. The disc is 
assumed to be thin so that it is effectively in a state of plane stress, that is, the axial stress ZZT is zero. The disc 
is assumed to be symmetric with respect to the mid plane. The displacement components in cylindrical polar 
co-ordinates are given by, 
dzwvru ==−= ;0);1( β
  (2) 
where β  is a function of 22 yxr += only and d is a constant.  
The generalized components of strain are: 
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The stress-strain relations for isotropic material are given as, 
)3,2,1,(,21 =+= jieIT ijijij μλδ
  (4) 
where μλ and
 
are the Lame’s constants and kke  is the first strain invariant, ijδ  is the Kronecker’s delta. 
Substituting equation (3) in (4), one gets the stresses as  
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Equations of equilibrium are all satisfied except [8] 
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where ρ  is density of the material and h is the exponentially variable thickness of the disc given as 
0
K
r
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. Here 0h  is the thickness at the axis, K  is the geometric parameter. 
Using equation (5) in equation (6), we get a non-linear differential equation in β  as 
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Transition points of P  in equation (7) are ±∞→−→ PandP 1 .  
The boundary conditions are bratTaratu
rr
==== 0;0 σ
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3. Solution though principal stress difference 
We observe that elastic state can go to plastic or creep state under external loading system through a 
transition state. In our problem we only consider the principal stresses rrT ,Tθθ only. Therefore the transition 
can take place either through the principal stresses rrT   or Tθθ
 
becoming critical or through the principal 
stress difference rrT Tθθ−
 
becoming critical. For finding the creep stresses, the transition function through 
principal stress difference at the transition point 1−→P  lead to the creep state. Thus the transition function R 
[3, 5-7] is defined as  
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Taking the logarithmic differentiation of equation (9) w.r.t. r and then substituting the value of βddP  
from equation (7) with the asymptotic value 1−→P , one gets 
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A is constant of integration. 
Using equation (6), equation (8) and equation (10), we have 
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Using equation (2), one gets 
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Using boundary conditions (8) in equation (13), one gets 
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The following non-dimensional components are introduced as  
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Equation (11), equation (12) and equation (14) in non-dimensional form becomes:  
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4. Numerical discussion  
For calculating the stresses and displacement based on the above analysis, the following values of measure 
(n), constant (D), compressibility (C), angular speed ( 2Ω ) and edge load    ( 0σ ) have been taken as:   
75,50
22
2
==Ω
E
bρω ; C = 0, 0.5;   0σ  = 0, 0.2;   n = 1/5, 1/7, 1/9 (i.e. N = 5, 7, 9), D = 1. 
It is seen from figures 1–4 that radial and circumferential stresses are maximum at the internal surface. From 
figure 1 we can see that for an incompressible disk with constant thickness, circumferential stress is maximum 
for measure N = 5 which decreases with the increase in measure. It has also been observed that circumferential 
stress increases significantly with the increase in angular speed but again the behavior is same i.e. with the 
increase in measure, circumferential stress decreases. It is also seen that for compressible disk with constant 
thickness, circumferential stress decreases as compared to incompressible disk. From figure 2, we can see that 
without edge load, circumferential stresses are again maximum at internal surface for incompressible disk 
whose thickness decreases radially. It has also been observed that circumferential stress increases with the 
increase in angular speed while these stresses decrease with the increase in measure and compressibility factor. 
With the introduction of edge load, we can see from figure 3 and 4 that the circumferential stresses for 
incompressible disk increase significantly. Also these stresses increase with the increase in angular speed and 
decrease with the increase in measure and compressibility.  
 
 
 
 
Fig. 1. Creep stresses in a thin rotating disc along various radii ratio with compressibility (C = 0, 0.5), angular speed (Ω2 = 50,75)with 
constant thickness (K=0) and without edge load (σ0 = 0). 
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Fig. 2. Creep stresses in a thin rotating disc along various radii ratio with compressibility      (C = 0, 0.5), angular speed ( )75,502 =Ω , 
variable thickness (K = 4) and without edge load ( )00 =σ . 
 
 
Fig. 3. Creep stresses in a thin rotating disc along various radii ratio with compressibility      (C = 0, 0.5), angular speed ( )75,502 =Ω , 
variable thickness (kK= 0) and with edge load ( )0 0 .2 .σ =
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Fig. 4. Creep stresses in a thin rotating disc along various radii ratio with compressibility  (C = 0, 0.5), angular speed ( )75,502 =Ω , 
variable thickness (K = 4) and with edge load ( )0 0.2 .σ =
 
5. Conclusions 
From the above analysis of creep stresses, it has been observed that circumferential stress is less for the 
compressible disk without edge load as compared to the incompressible disk. Also it has been observed that 
circumferential stress is less for the disk whose thickness decreases exponentially along radius without edge 
load as compared to the flat disk. Therefore, we can conclude that the disk (whose thickness decreases radially) 
made of compressible material without edge load is on the safer side of the design as compared to the 
incompressible disk with exponentially variable thickness as well as to the flat disk. 
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